Planning for sustainable development at higher education institutions occurs throughout the US and the world, aided by environmental and climate change public policy and comprehensive sustainability assessment systems, such as the Association for Advancement of Sustainability in Higher Education's Sustainability Tracking, Assessment and Rating System (STARS). However, campuses often struggle to integrate policy goals into their strategic and physical plans, as well as into research, education, student life, operations and outreach efforts. This paper presents a case study of the comprehensive sustainability efforts undertaken by the University of Massachusetts Amherst and evaluates its progress by applying Kotter's 8-step approach to change management to multiple phases of the campus development efforts. Emphasis is placed on efforts to integrate sustainability goals with campus master planning, facility plans, green building policies, governance, teaching, research, and operations initiatives. The paper outlines concrete steps for comprehensive physical planning that universities may consider as they integrate change management practices for sustainable development into their campus' vision of sustainability.
Introduction: Campus Planning and Sustainable Development at Higher Education Institutions (HEIs)
Higher education institutions (HEIs), like many governments, corporate entities and organizations, are increasingly driven by their internal and external stakeholders to demonstrate their contribution to a sustainable society. Over a dozen years ago Anthony Cortese appealed to HEI planners for a cross-disciplinary planning process that involves students, faculty and staff as an integral part of educational practice and partners with collaborators in local and regional communities and with HEI staff on operational functions to make decisions and take actions for Sustainable Development (SD) (Cortese 2003) . Municipal comprehensive planning-and more specifically HEI master planning-has a long tradition of developing physical plans for community growth in a manner that considers economic, environmental and social impacts (SCPEA 1928) . This paper provides a case study of SD practices at the University of Massachusetts, Amherst (UMA) as seen through the lens of organizational change management for sustainability and with a focus on physical planning and reductions of greenhouse gas (GHG) emissions driven by economic policy. Emphasis is placed on the institution's efforts to integrate sustainability goals with campus master planning, facility plans, green building policies, governance and educational and operations teaching and research initiatives.
Methodology
Kotter's process for leading change (Kotter 2012, p. 23) and previous case studies outlining phases of sustainability at HEIs (Krizek et al. 2011 ) (Sharp 2009 ) (Newman 2007 ) are used to map SD at UMA from 2001 to 2015 and to reflect on the engagement of campus stakeholders in meeting the challenges of GHG emission reductions. The authors used a qualitative approach by reviewing available public documents, conducting semi-structured interviews with administrative staff and faculty across the organization (Facilities and Campus Services, Chancellor's Sustainability Committee) to assess the effects of sustainability policy on total campus GHG emissions reductions. Both authors have been critically involved in the progression of sustainability at UMA and have arrived at lessons learned through critical reflection on the campus experience.
Case Study Theoretical Approach
A critical literature review of organizational change management theory (Todnem By 2005) reveals three general models of strategic change-managerial (manager-as-change-agent), emergent (employee-as-change-agent) and scale-based.
Given that colleges and universities are unique organizations (Manning 2012) , an emergent model such as Kotter's eight-stage process of creating major change (Kotter 2012, p. 23, Fig. 2-2 ) was chosen as a yardstick for evaluating progress at UMA because of its practical guidance to organizations and managers and its application to grassroots as well as top-down approaches. Kotter notes that mature organizations often have over-managed and under-led corporate cultures that are experiencing both internal and external pressures to transform quickly. He proposes eight linear steps for major change management, the first four of which eliminate barriers prevalent in the status quo, the next three introduce new/changed practices, and the last embeds the changes in the institutional culture (see Fig. 1 ).
In addition, case studies on SD in HEIs such as University of Colorado Boulder (Krizek et al. 2012) , Yale (Newman 2007) , and Harvard (Sharp 2009 ) revealed a pattern of development in stages roughly corresponding to the following:
Phase I: grassroots/awakening-associated with grassroots and ad hoc activities and programs that lead to operational improvements and position the issue of sustainability as a point of importance for the organization by establishing a change management role (e.g. sustainability officer), a committee or task force and a series of pilot projects Phase II: executive acceptance/pioneering-associated with a new level of institutional support for the business case for sustainability as it relates to multiple system improvements and green branding/public relations programs, and extending it to multiple entities (i.e. academic affairs, research, athletics, external relations as well as operations), though cost and economic terms still guide most decisions Phase III: visionary leadership/transformation-in which campus leaders and highest level executives openly promote the sustainability vision and Fig. 1 Kotter's eights steps as applied to UMA stages of sustainable development integrate new organizational processes and structures into the primary functions and desired outcomes of the institution.
The authors reflect on UMA's experience by applying these two frameworks as a way of understanding progress in adopting SD and environmental policy into its core activities.
University of Massachusetts Amherst
UMA is a nationally ranked public research university that is the flagship of the five-college University of Massachusetts system. Located in Amherst, the campus sits on nearly 1450-acres in the scenic Pioneer Valley of Western Massachusetts, 90 miles from Boston and 175 miles from New York City. The campus provides a rich cultural environment in a rural setting close to major urban centers. UMA is governed by a Board of Trustees and the legislature of the Commonwealth, and is home to 3 labor unions. It has a diverse community of approximately 28,300 students, 14,000 of whom live on campus and are supported by an extensive infrastructure of physical and social systems, a general impression of which is provided in Fig. 2 . UMA's history is firmly anchored within the environmental traditions of the Commonwealth of Massachusetts. Established in 1864 with funds from the Morrill Land Grant Act as the Massachusetts Agricultural College, it prides itself on being a leader in sustainable agriculture, food production and environmental conservation for 150 years. However, during the 1950-1970s the campus enrollments grew exponentially and the campus transformed from an agricultural college to a nationally ranked public research university and underwent a significant physical transformation from rural to semi-urban population density with a daily population of approximately 32,000 (Swinford et al. 2012 ) that ranks as having the highest energy use of all state agencies.
5 SD at UMA Phase I: Grassroots/Awakening 2001 This phase of development at UMA can be seen as evolving a process, governance structures and internal leadership for SD.
Establishing a sense of urgency: In the 1990s students and faculty on the UMA campus became increasingly organized in advocating for support for SD, spurred by the example of HEIs who had endorsed The Talloires Declaration (ULSF 1990) . The University of Massachusetts President's Office introduced a system-wide initiative that was being spearheaded by the UMass Boston campus and supported by the Urban Harbors Institute, the Massachusetts Executive Office of Environmental Affairs, and the New England Region of the U.S. Environmental Protection Agency. Simultaneous external and internal pressures in the academic community provided the impetus for elevating sustainability as a topic for institutional consideration.
Creating a guiding coalition: In response to this grassroots advocacy, in 2001 the Faculty Senate established an Ad Hoc Committee on Sustainability that was charged to assess sustainability activities on campus, evaluate programs on other campuses, and to develop a set of recommendations for future actions. The committee's members included faculty representatives from each school and/or college, directors of the Environmental Science department and the Environmental Institute, student advocates and administrative representatives from major business units.
Developing a vision and strategy: The committee and its taskforces met over the course of a year, attempting to develop a consensus on the need for further action with a goal of completing recommendations by the fall of 2002. An early report indicated the committee found a strong consensus that, "in the context of the university, sustainability is about using resources most efficiently to meet the mission of the university" (Goodwin 2001) . It listed an impressive number of student, curriculum and operations efficiency projects that aimed at reducing carbon emissions by switching to cleaner fuels and co-generation of power and steam, implementing transportation demand management, achieving a 53 % recycling rate, and implementing an energy management system. Collaborative partnerships with other state agencies were being developed to fund recycling waste effluent and to initiate energy efficiency projects via a performance contract with an energy services company. A proposal for the development of a sustainability curriculum was prepared through the collaborative efforts of students, faculty and community members, as well as a proposal to adopt the U.S. Green Building Council's Leadership in Energy and Environmental Design™ (LEED) standard for new construction projects. Having listed these early successes which could result in as much as 30 % reductions in GHG emissions, and under the pressure of significant system-wide budget cuts in 2002 that lead to the loss of faculty positions, the Ad Hoc Committee did not submit any formal proposals and was disbanded.
Additional informal activities and impact of environmental policy: The failure of this early attempt at integrating SD into the University mission of teaching, research, and service was nevertheless followed by steady progress within individual units. The New Construction and Renovation subcommittee re-branded itself as the Green Building committee and incorporated "Responsible Use of Energy and Natural Resources" guidelines within the UMA Construction Design Guidelines (Hatch 2004)-and the first Sustainability Plan (Fitzpatrick 2005) (GWSA 2008) regulations were incorporated into the Massachusetts Environmental Policy Act (MEPA), requiring agencies to provide "meaningful opportunities for public review of the potential environmental impacts of Projects", and to administer a review process that requires documentation of environmental impacts and assessment of alternatives and mitigation measures (MEPA 2013) .
Developing a sense of urgency in connection with these regulatory requirements, however, proved challenging due to the advent of the global financial crises in 2008-2009 and the success of two important initiatives: an extensive energy conservation program and the completion of an award winning co-generation Central Heating Plant, which resulted in approximately 30 % reductions in GHG emissions.
Creating a guiding coalition: Sustainability activities developed under the guidance of EPAC from 2008 to 2012 and a re-branded Chancellor's Sustainability Committee (CSC) from 2008 to 2015 that included a two-tiered organization with an executive committee comprising of unit managers from across the university system, and volunteer driven implementation sub-committees focused on sustainability systems (including green building, residential programming, education and research, food system, and master planning). Support from upper level administrators was evident in the hiring in 2011 of three full time Sustainability staff in Physical Plant, University Relations, Auxiliary Services and a Director of Academic Sustainability Programs. In addition, four part-time graduate research positions were established within Facilities/Campus Planning to develop tools and analysis in support of green buildings and the campus sustainability initiative.
A strategic plan developed by Chancellor Holub, Framework for Excellence (Holub 2009 ), triggered a parallel effort for facilities and master planning for growth. It was steered by Campus Planning with the support of external consultants and the engagement of multiple campus entities, including campus and community committees, the Chancellor's Leadership team and the Faculty Senate. In 2009 UMA hired a Campus Planning Director to develop a traditional Campus Master Plan (CMP) and use the process to articulate in physical terms the benefits of the development program and inspire donors and the greater community to fulfill the strategic vision.
Developing a vision and strategy: In 2009 consultants for the energy conservation program facilitated a strategic planning event involving over 50 community members from across the ranks of students, faculty and staff developed a wish list of objectives to pursue over the next 10 years. Volunteers on eight subcommittees organized to write the first CAP (Stoffel and Parkin 2010) . In 2011 a collaborative team of EPAC members (students, staff, and faculty) assessed campus progress by submitting a Sustainability Tracking Assessment Rating System (STARS) report to the Association for the Advancement of Sustainability in Higher Education (AASHE), which received a Gold rating-one of only 24 college and university campuses nationwide to receive this rating at the time. Two years later the newly hired Campus Sustainability Manager published an updated CAP v.2 that leveraged the STARS framework goals and presented a comprehensive plan with three focus areas and specific implementation strategies associated with education/engagement, energy/emissions/buildings and funding (Small 2012) .
Concurrently, the UMA CMP (Swinford et al. 2012 ) was created in an open and inclusive process that used typical public participation tools such as stakeholder meetings, public charrettes, and open forum meetings. This process was critical to gain wide support for capital development from within the community-both onand off-campus. The steps in creating the content for the plan closely followed a typical process for campus master planning that took approximately three years and nearly 200 events over 2 years to complete. A blended team of professional consultants and campus planning staff gathered data on the campus environment, utilities and transportation, hosted vision development sessions with stakeholder groups, and collected space planning efforts into future facility requirements aimed at the near term (2020 vision) and long term (potential capacity development 2050 and beyond). The team created alternative solutions to meet the vision and strategic planning goals, accommodate the program, and test the land use, density, transportation, building condition and program assumptions. It presented a draft plan for review and comment by the campus community and additional stakeholder meetings, including online engagement with over 3,500 visitors. The final CMP document and GIS model described a long term physical framework for systems such as open space, circulation, utilities, transportation and parking, identified sites and general uses for future facilities and established key landscapes to be conserved. During the process, UMA created Guiding Principles that served as a link to other UMA policies and embodied the smart growth principles: to establish a long-term 50 year perspective; create growth opportunities in the campus core; form an open space framework; build Campus not just buildings; untangle vehicular and pedestrian circulation conflicts; develop a 24/7/12 mixed use campus core; unify the academic campus; and respect planning and building heritage.
Communicate the change vision: The Sustainability Initiative and CMP efforts contributed to a community-wide enterprise that elevated the academic stature of the institution, enhanced the brand and reputation of UMA and aspired to efficiency and cost savings. Multi-media communication campaigns under the slogans "Learn, Live, Lead: Sustainable UMass" and "Building Campus and a Culture of Planning" were aimed at both internal and external stakeholders, articulating the vision and providing resources and connections to support their implementation.
In addition, the campus undertook an extensive analysis of the future environmental and GHG impacts of the CMP and met its obligations to communicate these impacts to the community by submitting a comprehensive Expanded Environmental Notification Form for the University's 2012-2021 Capital Improvement Plan to the EOEEA's Massachusetts Environmental Policy Act Office (MEPA) (Vigneau et al. 2013 ).
Empower Broad-Based Action
The Sustainability Initiative developed multiple activities aimed at inspiring behavior change and empowering students, staff and faculty to take individual and group actions. Highlights of these include: (i) student activities such as the Eco-Rep program, Sustainability Fellows developing operational policy and activities, green events, New2U reuse collection and tag sale, waste reduction at athletic events and electronic waste recycling; (ii) a sustainability course finder, a sustainability curriculum initiative that awards faculty fellowships to develop new curriculum, new Masters of Science programs in Environmental Conservation, Sustainability Science and Design and Historic Conservation, and a community knowledge archive; and (iii) a green office program, a sustainability innovation and engagement fund, and the permaculture initiative.
The Green Building Committee established a green building program to assist UMA project managers in understanding how the LEED system supports SD at the campus systems level and to communicate campus environmental information to outside design teams so that UMA can comply with and go beyond the requirements of (EO 484 2007) . It published its first Green Building Guidelines associated with LEED v3 in 2011, with an updated version in 2013 ) that includes a requirement for post-occupancy measurement and verification of actual performance. As of the end of 2015, UMA completed seven LEED projects (one of them a complex of 6 residential buildings) that constitute 394,196 square feet of LEED space certified at the Gold level and 512,485 square feet certified at the Silver level, representing 7 % of all campus gross area and supporting about 2300 occupants. With nine additional projects that are registered and undergoing certification, the projected LEED certified space at the end of 2018 will constitute 12.4 % of the total GSF on campus.
The Master Plan Sustainability (MPS) subcommittee was established in 2013 as part of the CSC to compile a comprehensive summary of the sustainability approach to all of the campus physical systems in a manner that would integrate with the emerging sustainability vision of the Chancellor's Sustainability Committee (Pavlova-Gillham et al. 2015) . It produced a final MPS chapter that communicated the UMA approach toward sustainable development by assembling a comprehensive review of previous reports, plans and initiatives to assess campus environmental performance, project the impact of growth on increased GHG emissions (Fig. 3) , and identify measurable actions aimed at reducing their impact.
Generating short term wins: UMA and the Sustanability Initiative achieved significant gains by being designated as a STARS Gold institution (both v1 and v2); it ranked 21st in Princeton Review's list of top 50 Green Colleges; the permaculture program won the White House's 2012 Campus Champions of Change Challenge and UMA was acknowledged for its efforts by being awarded the 2014 ACUPCC's Climate Leadership Award. The CMP also achieved success by being endorsed by the Faculty Senate, by receiving approval from the Secretary of Energy and Environmental Affairs and positive press from local communities, including an award from the Western Massachusetts American Institute of Architects. In addition, the mission alignment of education, research and operations is directly contributing to sponsored sustainability research by leveraging the data-rich campus environment and GIS model of future growth to develop tools for SD analysis (Mostafavi et al. 2014 Tabatabaee et al. 2015) .
Consolidating gains and anchoring new approaches in the culture: UMA is working with the UMass President's Office to develop a sustainability policy that will demonstrate leadership and commitment to SD and establish a framework for sustainability management across the 5 college system. In addition, the CSC was disbanded and a new Chancellor's Sustainability Advisory Committee has been organized to advise the Chancellor and his Leadership Council on all sustainability issues and activities related to UMA, and to coordinate campus sustainability efforts across all relevant departments of the university. This will effectively initiate a new phase in leadership for SD.
Conclusions for University Sustainable Development
UMA's experience with SD over a dozen years, evaluated within an organizational change framework, yields some conclusions that can help other HEIs to align their institutional mission with environmental policy goals and become sustainable in their own way. Following are the most important conclusions that were discovered during this critical analysis of UMA efforts in becoming sustainable:
Process, Governance and Internal Leadership
In the initial stage of the SD effort UMA had not developed a systemic approach to institutional governance and a process that included the campus community. Although administrative decisions evidenced commitment to SD practices and significant investment in energy efficiency and delivery that reduced GHG 0 50,000 1,00,000 1,50,000 emissions, the early effort at UMA focused upon creating process and governance. Some critical lessons learned from the physical planning perspective are:
• Implement a comprehensive planning process that integrates strategic, academic, financial and physical plans, and is repeated at least every five years in concert with capital plans.
• Insist on an inclusive and transparent process. Sustainability is a community effort and everyone has to understand how and where they fit into the process.
• Integrate SR systems such as ACUPCC, STARS and LEED with executive, financial, capital development, and operational management practices to support the specific strategic goals of the HEI.
• Provide continuity and consistency with one authority for SD decisions.
• Develop responsibility, accountability and incentive structures to support progress towards sustainability goals.
Research and Data
As the SD effort at UMA continued to mature it became critical to account for and communicate the success of the abstract and challenging concept of sustainability. Establishing teaching and research programs within the academic structure attracted researchers and students to the institution. The institutional leadership team and sustainability advocates need data to compare and understand the effectiveness of policies and actions to meet established SD goals. Critical actions for conducting research and gathering data to support SD are:
• Create robust cross-departmental engagement to identify important questions or issues early on in the decision making process and include specific sustainability goals and requirements for capital projects.
• Establish a rigorously applied carbon budget for campus development. Develop enterprise data sets that allow the identification and maintenance of information about academic programs, space assets, operations and related energy/carbon emissions at a level of detail (at minimum at the building level) that is meaningful for decision making in capital, financial and carbon budget planning.
• Leverage the academic endeavor in using the campus as a learning laboratory to tie together academic research and teaching with operations research and sustainability work on campus.
Leadership for Society
As the efforts at UMA continue to mature the climate crisis demands that HEIs demonstrate leadership for today's society-they must teach themselves and tomorrow's leaders how to integrate sustainability into every decision and action in order to achieve tangible environmental improvements. Critical actions that emerge from reflection on UMA's experience are:
• Recognize that a partial commitment to SD is not enough to solve the climate crisis or reach GHG emissions reduction goals.
• Model governance/negotiation strategies to resolve the conflicts inherent in reducing consumption, living and practicing within set limits of growth.
• Lead efforts to conserve natural resources by placing local/institutional decisions into a regional/global framework.
• Lead resiliency planning efforts with multi-disciplinary knowledge and modeling predictions that utilize the campus/state as a laboratory for applied research into a variety of policies.
• Practice what is taught by leading the change effort to connect academic and physical planning toward meeting the triple bottom line.
